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@ Structure and method for use in a semiconductor field oxidation process. 

@ In a process for forming field oxide regions 
(40) between active regions in a semiconductor 
substrate (10), pad oxide, polysilicon and first 
silicon nitride layers (12,14,16) are successively 
formed over substrate active regions. The first 
nitride layer (16), polysilicon layer (14)^ pad 
oxide layer (12) and a portion of the substrate 
(10) are then selectively etched to define field 
oxide regions with substantially vertical 
sidewalls (21). A second silicon nitride (32) is 
provided on the substantially vertical sidewalls 
(21), and field oxide (40) is grown in the field 
oxide regions. The first silicon nitride, polysili- 
con and pad oxide layers (16,14,12) are then 
removed. The employment of the poiysilicon 
layer (14) prevents the exposure of corners (44) 
between the field oxide (40) and active regions 
if an overetch* occurs during the removal of the 
pad oxide layer (12). 
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This Invention rotates to a structure and method 
for use in a semiconductor field oxidation process, 
applicable in the manufacture of integrated circuits. 

The fabrication of an integrated circuit normally 
begins by processing the semiconductor substrate or 
wafer to divide the surface area Into regions where 
active devices and substrate embedded intercon- 
nects are to be formed, and other regions of dielectric 
which electrically separate the active regions. The 
field oxide dielectric material is routinely silicon 
dioxide. Though various field oxide formation techni- 
ques have been developed and described, the tech- 
nique commonly known as the localized oxidation of 
silicon (LOCOS) remains common within the semi- 
conductor industry, in the practice of LOCOS, the 
active regions of the silicon substrate are masked by 
a silicon nitride layer, while the field oxide regions are 
thermally oxidized to form a field dielectric region. 
Though fundamentally simple and efficient, the 
LOCOS process, and its progeny, such as the 
FUROX and SWAM! techniques, exhibit deficiencies 
which reduce yield or performance in the final semi- 
conductor chip product, 

The most frequently encountered deficiency in 
the prior art techniques is commonly known as the 
bird's beak problem, wherein the field oxide extends 
under the masking nitride layer to consume some of 
the usable active area. Additional problems routinely 
encountered with known field oxide formation proces- 
ses include stress induced dislocations at the edges 
of the active region, and the presence of a relatively 
nonplanar surface in or adjacent the fully formed field 
oxide. The nonplanar recesses or notches at the 
edges of the active region often degrade subse- 
quently formed gate oxide, which can trap conductive 
layer residuals creating short circuit paths. Solutions 
to these problems have been proposed, but routinely 
involve relatively complex or dimensfonaliy critical 
fabrication sequences which are costly to practice or 
degrade the semiconductor chip yield. 

Though a number of techniques successfully 
attack and solve the bird's beak problem, and usually 
provide relatively planarfinal concluding surfaces, the 
approaches routinely create stress induced dislo- 
cations at the edges of the active regions, and form 
topologies which include notches or grooves of suffi- 
cient dimension to cause the degradation of subse- 
quently formed gate oxide. The stress induced 
dislocations are often not even recognized, white the 
notches or grooves are most often visible in the SEM 
cross-sections of the final structures. 

A process which overcomes many of the prob- 
lems encountered by the earlier processes is known 
as recessed sealed sidewatl field oxidation 
(RESSFOX). One form of the RESSFOX process is 
disclosed in U.S. Patent No. 4,923,563. In brief, the 
RESSFOX process utilizes a relatively thick pad oxide 
below a first masking nitride layer, Asecond, very thin, 



masking nitride layer is applied to the sidewall of an 
etched opening to define the lateral boundaries of a 
field oxide region. The thin sidewall masking nitride 
layer does not utilize an underlying pad oxide layer 

s although it may include a thin underlying screening 
oxide. Upon oxidation, the thin sidewall nitride is con- 
currently lifted and converted to oxide, the materials 
and dimension being selected to ensure that when the 
field oxide level approaches the level of the thick pad 

10 oxide layer stresses at the corners of the active silicon 
region are relieved through various oxide paths and 
accen|uated-oxidation effects. 

After the field oxide growth, and in preparation for 
the formation of active devices, the substrate in the 

1$ active regions is exposed. This is achieved by remov- 
ing a topmost oxidized nitride layer (formed during the 
field oxide growth), such as by etching with HF. The 
first masking nitride layer is then removed with an acid 
such as a hot H3PO4, and the pad oxide is removed 

20 by a chemical (HF) etch. Of course, a portion of the 
field oxide Is also removed each time an oxide layer 
is removed by a chemical etch, if the etching chemical 
remains too long on the surface of the chip, overetch- 
ing of the field oxide occurs and a comer of the sub- 

25 strate may be exposed on the boundary of the field 
oxide region. The gate oxide for the active devices is 
then grown on the surface of the resulting structure. 
Under carefully controlled processing, the structure 
underlying the gate oxide is well suited for gate oxide 

30 growth. However, if corners are exposed by overetch- 
ing, a thinning of the subsequently grown gate oxide 
can occur which can create integrity/reliability prob- 
lems for the resulting chip. 

It is an object of the present invention to provide 

38 a structure and method for forming a semiconductor 
integrated circuit device which enable processing 
critical Ity to be reduced. 

Therefore, according to one aspect of the present 
invention, there is provided a structure for fabricating 

40 an integrated circuit, including a silicon substrate and 
a pad oxide layer overlying said substrate, charac- 
terized by a polysiticon layer overlying said pad oxide 
layer; a first nitride layer overlying said polysllicon 
layer; an opening through said first nitride polysilicon 

45 and pad oxide layers and into said silicon substrate 
defining a region for field oxide growth, having a 
sidewatl surface and an adjoining bottom surface; and 
a second nitride layer overlying said sidewatl surface. 
According to another aspect of the present inven- 

so tion , there is provided a process forforming field oxide 
regions between active regions in a semiconductor 
substrate, Including the step of forming over said 
active regions a pad oxide layer, characterized by the 
steps of forming over said pad oxide layer a polysili- 

55 con layer; forming over said poiysiJicon layer a first 
silicon nitride layer; selectively etching through said 
first nitride layer said polysilicon layer and said pad 
oxide layer, and into said substrate to define field 
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oxide regions having sidewalls; providing a second 
silicon nltirde layer on said sidewalls; growing field 
oxide in said field oxide regions; and removing said 
first silicon nitride, polysilicon and pad oxide layers. 

It will be appreciated that a structure and method 5 
according to the invention reduce processing criti- 
cal ity by enabling the avoidance of the exposure of 
corners between the field oxide and active regions if 
an overetch occurs during removal of the pad oxide 
layer. 10 
One embodiment of the present invention wilt now 
- be described by way of example, with reference to the 
accompanying drawings, in whlch:- 

Figures 1-4 are cross-sectional schematic repre- 
sentations of an integrated circuit substrate at 15 
various stages in the fabrication sequence prior to 
field oxfde growth; 

Figures 5-7 schematically illustrate, in cross-sec- 
tion, progressive stages of the field oxide growth; 
Figures 8-9 schematically illustrate, in cross-sec- 20 
tion, selected stages leading up to and including 
the formation of gate oxide; and 
Figure 10 is a cross-sectional schematic repre- 
sentation of an overetch of the field oxide. 
Figure 1 shows a silicon substrate 1 0, a pad oxide 25 
layer 12 overlying substrate 10, a pofysilicon layer 14 
overlying pad oxide layer 12, a silicon nitride layer 16 
overlying polysilicon layer 14, and topped off with a 
patterned photoresist 18. To create the structure in 
Figure 1, the silicon substrate 10 is first thermally 3o 
oxidized to form pad oxide layer 12 having a nominal 
thickness of 5-1 OD nanometers. 

As further shown in Figure 1, pad oxide 12 on sub- 
strate 10 is then covered by polysilicon layer 14, for- 
med to a nominal thickness of 3*100 nm by chemical as 
vapor deposition (CVD) process or the like. In the prior 
art, polysilicon layers are frequently used for stress 
relief purposes. However, the RESSFOX process 
does not require stress relief at this point Polysilicon 
layer 1 4 serves the quite distinct purpose of prevent- 40 
ing a sharp corner between the active and field oxide 
regions from being exposed in the event of an over- 
etch, as will be discussed more fully herein. 

The silicon nitride I layer 16 is preferably formed 
to a nominal thickness of 10-500 nm by LPCVD. in 45 
preparation for a selective etch, photoresist 18 is 
deposited and photolith ©graphically processed to 
retain a photoresist (PR) mask pattern exposing nit- 
ride I iayer 16 at opening 20, generally corresponding 
to the field oxide formation region between active reg- 50 
ions 22 in substrate 10. 

To reach the stage of fabrication depicted in Fig- 
ure 2, the structure in Figure 1 is anisotropically 
etched using a conventional reactive ion etching (R1E) 
process to remove nitride I layer 16 not masked by ss 
photoresist 18, the aligned segment of polysilicon 14 
and pad oxide layer 12, and a section of substrate 10 
suitable to form a recess between 30 and 150 



nanometers deep into substrate 10. The opening 20 
created by the selective etch through nitride layer 1 6, 
polysilicon iayer 14, pad oxide layer 12 and into sub- 
strate 1 0 defines a region for field oxide growth, as will 
be described in more detail as follows. Opening 20 is 
bounded by vertical sidewal! surface 21 and a hori- 
zontal adjoining bottom surface 30. Preferably, 
sidewail surface 21 is normal to bottom surface 30 as 
well as each of the pad oxide 12, polysilicon 14 and 
nitride 16 layers. Photoresist 18 is next stripped, and 
a field implant may be performed, for example, to pro- 
vide a channel stop for an NMOS transistor. This 
implant is done by doping selected regions of the sub- 
strate through selected horizontally disposed sur- 
faces of the substrate prior to the growth of field oxide 
in opening 20. In a CMOS device the field oxide will 
separate NMOS and PMOS transistors. For such 
device the PMOS side of opening 20 is masked with 
photoresist 24 prior to the field implant in the NMOS 
side. Because photoresist materials typically include 
elements which may contaminate substrate 1, and 
because photoresist adhesion to silicon is relatively 
poor, a thin screening oxide layer 26 may be formed 
on the sidewalls over the substrate and pad oxide 
layer prior to the application of the photoresist to pre- 
vent contamination during field implantation. Screen- 
ing oxide 26 with nominal thickness of less than 20nm 
and preferably about 10nm may be thermally grown 
on bottom surface 30 and sidewail 21 1 followed by the 
application of photoresist 24. After the field implant, 
photoresist 24 is removed. Screening oxide 26 may 
also be removed. However, since screening 26 oxide 
is so thin, it is not necessary to remove it prior to 
further processing, it has been found that the pre- 
sence of screening oxide 26 does not degrade the 
process, I.e., the screening oxide is sufficiently thin so 
that there is no significant increase in lateral 
encroachment during field oxide growth. 

As shown In Figure 3, a second silicon nitride II 
layer 28 is deposited by an LPCVD process to confor- 
mally cover the structure, The structure is then sub- 
jected to another anisotropic etch, this etch serving to 
remove the silicon nitride from exposed horizontal 
surfaces. As a consequence of such anisotropic etch, 
as shown in Figure 4, the bottom surface 30 of the 
recess at opening 20 in silicon substrate 10 is exp- 
osed to the substrate silicon, while sidewail silicon nit- 
ride II iayer 32 (which overlies sidewail surface 21) is 
retained but thinned by a nominal amount. 

Note that at most only a nominal amount of 
screening oxide is disposed between sidewail 21 and 
sidewail nitride 32, thereby inhibiting the movement of 
oxygen species along the underside of sidewail nitride 
layer 32 during thermal field oxide growth. Clearly, 
oxygen species are also blocked from direct access 
to pad oxide layer by sidewail nitride layer 32 during 
the initial stages of field oxide growth. The dimensions 
of sidewali nitride layer 32 are relatively crucial, not 
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only in controlling the oxidation effects, but also in 
avoiding coefficient of expansion differential induced 
stress damage along sidewalls 34 of silicon substrate 
1 0. Namely, sidewall nitride 32 is sufficiently thin at 25 
nm or less to yield rather than cause stress damage s 
to silicon substrate 10. Sidewall 34 is oxidised at a 
rate suitable to facilitate bending and lifting with sili- 
con dioxide growth, yet is sufficiently thick to block 
oxidizing species' access to the pad oxide region until 
the specifically desired time. In a preferred embodi- w 
ment, nitride It layer 32 has a nominal thickness of 5- 
25 nm. 

Figures 5-7 depict the structure at various stages 
in the growth of the field oxide. The exposed substrate 
10 and sidewall nitride 32 is oxidized in a proportion is 
to effectuate concurrent oxidation and lifting and 
bending, beginning at the low edge 33 of the retained 
sidewall silicon nitride 32. The field oxide growth uses 
a preferred field oxidation environment of H 2 + 0 2 , at 
a nominal temperature of approximately 90O:C for a 20 
nominal time of 750 minutes. Alternatively, a field oxi- 
dation environment of either a dry 0 2 or H 2 + 0 2t at a 
pressure of about 10 atm and a nominal temperature 
of about 875*0, for about 120 minutes may be 
employed. As the field oxide growth continues in pro- 25 
grossing to the structure shown in Figure 6, the former 
sidewafi nitride layer 32 is fully lifted and bent During 
this time, stress in sidewall regions 36 of silicon sub- 
strate 10 is relieved by the presence of the thin 
sidewall nitride at the commencement of oxidation 30 
and its further thinning by surface conversion to oxide 
during oxidation. At the stage of oxidation depicted in 
Figure 6, nitride layers 38 would be thinned to 
approximately 3 nm or less. 

Figure 6 also illustrates that the lifting of the resi- 35 
duai sidewall silicon nitride 38 exposes the relatively 
thick pad oxide 12 and potysiitcon layer 14 near the 
end of oxidation. Pad oxide 12 then serves as a path 
for relieving volumetric increase stresses in field oxide 
40 proximate silicon substrate corners 42, corners 40 
which otherwise would be Hkely to encounter stress 
induced dislocations. As the field oxide growth con- 
tinues into the final stage depicted in Figure 7, conver- 
sion of residual sidewall silicon nitride 38 to oxide 
opens a relatively short path for oxygen species to 45 
reach silicon substrate comers 42. The result is an 
accentuated oxidation rate at silicon substrate cor- 
ners 42 to create corners 44 of relatively targe radius, 
smooth contour, and reduced local stress. Again, the 
relatively thick pad oxide layer 12 provides a yielding so 
path for the relief of localized stresses, which path 
supplements the vertically directed movement and 
relief in the region 46. Furthermore, the relatively 
limited growth of field oxide 40 over the lower corner 
regions 48 of nitride layer 16> by virtue of the masking 55 
by sidewall nitride layer 38 {Figure 6), substantially 
suppresses the formation of notches or grooves in the 
field oxide at the edges of the active regions 22. The 



oxidation of the substrate and lifting of the sidewall 
silicon nitride continues and is complemented by an 
oxidation of polysilicon 18 until the upper surface of 
the oxidized substrate reaches a predetermined level, 
which in a preferred embodiment is at least as high as 
the interface between polysilicon layer 14 and nitride 
layer 16. 

As a consequence of the balanced interaction be- 
tween the lifting and bending of the sidewall nitride 
layer, the conversion of the sidewall nitride to an 
oxide, the relief of stress through the pad oxide, the 
accentuated conversion of the polysilicon at the edge 
of the active region near the conclusion of the oxi- 
dation step, and the multidirectional relief of stresses 
at the relatively rounded corners of the active regions, 
not only is the bird's beak problem substantially sup- 
pressed f but the active region does not experience 
stress induced dislocations nor does the structure of 
the field oxide incorporate deleterious notches or 
grooves. 

Figure 8 illustrates a representative integrated 
circuit structure, following the removal of a top layer 
of oxidized nitride (not shown) (formed during field 
oxide growth), the masking nitride 16 (Figure 7), 
polysilicon layer 14 and pad oxide layer 12. In a pre- 
ferred embodiment, both the oxidized nitride coating 
and pad oxide layer 1 2 are removed by chemical (HF) 
etching. Such etching is difficult to accurately control 
and overetching of the oxide can easiiy occur. In the 
previous RESSFOX process described in U.S. Patent 
4,923,563, if an overetch of the field oxide occurred, 
corners 44 of substrate 10 could be exposed. Reliabi- 
lity problems can be created when a subsequent gate 
oxide is formed over corners 44. A primary purpose of 
polysilicon layer 14 is to increase the thickness of the 
field oxide above the bird's beak thereby preventing 
corners 44 from becoming exposed in the event of an 
overetch. In this manner the criticaiity of the etching 
step is reduced. 

Figure 9 shows the integrated circuit structure 
after forming a gate oxide layer 50 in preparation for 
the formation of active devices. 

Figure 10 is a view similar to Figure 8 t but illus- 
trating the structure following an inadvertent overetch 
of pad oxide layer 12. It should be noted that the dip 
52 in field oxide 40 caused by the overetch does not 
expose corners 44. 



Claims 

1. A structure for fabricating an integrated circuit, 
including a silicon substrate (10) and a pad oxide 
layer (12) overiying said substrate (10), charac- 
terized by a polysilicon layer (14) overlying said 
pad oxide layer (12); a first nitride layer (16) over- 
lying said polysilicon layer (14); an opening (20) 
through said first nitride (16) polyslticon (14) and 
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pad oxide (12) layers and into said silicon sub- 
strate (10) defining a region for field oxide growth, 
having a sidewaH surface (21) and an adjoining 
bottom surface (30); and a second nitride layer 
(32) overiying said sidewaH surface (21). 

2. A structure according to claim 1, characterized in 
that said polysilicon layer (14) has a nominai 
thickness of 3-100 nm, said pad oxide layer (12) 
has a nominal thickness of 5-1 00 nm, said first nit- 
ride layer (16) has a nominal thickness of 1 0-500 
nm, and said second nitride layer (32) has a nomi- 
nal thickness of 5-25 nm. 

3. A structure according to claim 1 , characterized In 
that said sidewal! surface (21) is substantially nor- 
mal with respect to said bottom surface (30). 

4. A structure according to any one of the preceding 
claims, characterized in that a thin screening 
oxide layer (26) is disposed between said 
sidewail surface (21) of said opening (20) and 
said second nitride layer (32). 

5. A structure according to claim 4, characterized in 
that said screening oxide layer (26) has a thick- 
ness of less than 20 nm. 

6. A structure according to any one of the preceding 
claims, characterized in that said opening (20) 
within said substrate (10) is between 30 and 150 
nm. 

7. A process for forming field oxide regions between 
active regions in a semiconductor substrate (1 0), 
including the step of forming cover said active 
regions a pad oxide layer (12), characterized by 
the steps of forming over said pad oxide layer (12) 
a polysilicon layer (14); forming over said polysi- 
licon layer (14) a first silicon nitride layer (16); 
selectively etching through said first nitride layer 
(16), said polysilicon layer (14) and said pad 
oxide layer (12), and Into said substrate (10) to 
define field oxide regions having sidewails (21); 
providing a second silicon nitride layer (32) on 
said sidewails (21); growing field oxide (40) in 
said field oxide regions; and removing said first 
silicon nitride, polysilicon and pad oxide layers 
(16,14,12). 



30 



of: oxidizing the exposed substrate (10) and sec- 
ond silicon nitride (32) in a proportion to effec- 
tuate concurrent oxidation and lifting and 
bending, beginning at the low edge of the retained 
sidewail silicon nitride (32); and continuing the 
oxidation of the polysilicon (14) and substrate 
(10) and the lifting of the sidewail silicon nitride 
(32) until the upper surface of the oxidized sub- 
strate reaches a predetermined level. 

10. A process according to any one of claims 7 to 9, 
characterized by the steps of, prior to providing 
said second silicon nitride layer (32), forming a 
relatively thin screening oxide layer (26) on said 
sidewails (21); and doping selected regions of 
said substrate (10) through selected horizontally 
disposed surfaces of said substrate (10) underly- 
ing said field oxide regions. 

1 1. A process according to any one of claims 7 to 1 0, 
characterized in that said step of providing said 
second silicon nitride layer (32) includes the steps 
of: forming a conformat second silicon nitride 
layer (28), over the patterned structure of the sub- 
strate and layers, including the substantially ver- 
tical sidewails (21), to a nominal thickness of less 
than 25 nm; and removing the horizontally dis- 
posed second silicon nitride layer (28) to expose 
horizontally disposed surfaces (30) of said sub- 
strate (10), while retaining a second silicon nitride 
layer (32) on the said sidewails (21). 

12. A process according to any one of claims 7 to 1 1 , 
characterized in that said polysilicon layer (14) is 
formed to a nominal thickness of 3-1 00 nm, said 
pad oxide layer (12) is formed to a nominal thick- 
ness of 5-100 nm, and said first nitride layer (1 6) 
is formed to a nominal thickness of 10-500 nm, 
and in that the depth of the etch into said sub- 
strate (10) is between 30 and 150 nm. 

1 3. A process according to any one of claims 7 to 12, 
characterized in that said field oxide (40) is grown 
to a level at least as high as the interface between 
said polysilicon layer (14) and said first nitride 
layer (16), 



A process according to claim 7, characterized by 
the step of forming a gate oxide layer (50) over the 
structure remaining after removing sard first sili- 
con nitride, polysilicon and pad oxide layers 
(16,14,12). 



9. A process according to claim 7 or 8, characterized 
in that said field oxide (40) is grown by the steps 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG, 6 
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